. These results suggest the need to further classify the strain NS21.
In this study, genetic, morphologic and chemotaxonomic analyses of the strain NS21 were performed to elucidate the accurate taxonomic position of NS21. Based on the results obtained, we propose that the strain NS21 should be categorized into the genus Rhizobacter as a novel species.
Materials and Methods
Bacterial strains and media. The strain NS21 was grown at 30 C on a Wx minimal salt agar medium (Kasai et al., 2012) containing 0.4% deproteinized natural rubber (DPNR, Chaikumpollert et al., 2012) . Rhizobacter dauci H6 T , Rhizobacter fulvus Gsoil 322 T , Rivibacter subsaxonicus BF49 T and Piscinibacter aquaticus NBRC 102349 T were grown in R2A medium (Difco), and their gyrB sequences were analyzed. Phenotypic characterization. Cellular morphology was observed using cells that were grown at 30 C for 3 days on an agar medium containing DPNR as described above. Cells were negatively stained with 2% (w/v) phosphotungstic acid (pH 7.0) and observed under a transmission electron microscope (JEM-1200EX; JEOL) operated at 80 kV. Physiological and biochemical tests including degradation of esculin, Tween 80 and gelatin, production of H 2 S, indole and acetoin and utilization of carbon sources were performed using API 20NE and API 20E (bioMérieux) and GN2 (Biolog) microtiter plates according to the manufacturers instructions. Conventional phenotypic tests including glucose metabolism in oxidative/fermentative medium and hydrolysis of starch and casein were carried out according to the methods of Barrow and Feltham (1993) using R2A agar medium (Nissui Seiyaku). Lecithinase activity was examined using a plate of egg yolk agar composed of heart infusion agar (Difco) containing 10% (v/v) egg yolk solution and was detected by a cloudy zone within the medium around a colony. The strain NS21 was grown at different temperatures, including 5, 10, 15, 20, 25, 30, 35 and 37 C, and at different pH values, including 5, 6, 7, 8, 9 and 10. Chemotaxonomy. The G+C content was determined by HPLC analysis (Mesbah et al., 1989) . DNA-DNA hybridization experiments were performed in microplate wells using photobiotin-labeled probes, as described by Ezaki et al. (1989) . The hybridization was performed at 53 C in 2 SSC containing 50% formamide. Major respiratory quinone was extracted according to Nakagawa and Yamasato (1993) and analyzed using an LC-MS (LC-MS 8000α; Shimadzu). To determine the whole-cell fatty acid composition, the strain NS21 was grown on R2A agar medium at 30 C for 3 days. Fatty acid methyl esters were prepared and analyzed according to the standard protocol described in the Microbial Identification System (Microbial ID). Phylogenetic analysis. DNA manipulations, including total DNA isolation, PCR amplification and nucleotide sequencing, were performed as described previously (Imai et al., 2011) . Nucleotide sequence analysis was performed using MacVector software (MacVector, Inc.). Sequence alignment was performed using the program CLUSTAL_W (Thompson et al., 1994) . Phylogenetic trees were constructed using the neighborjoining method (Saitou and Nei, 1987) with calculated nucleotide substitution rates (K nuc values) (Kimura, 1980) . The topology of the trees was verified using the bootstrap analysis method of Felsenstein (1985) with 1,000 replicates. The 1,447-bp 16S rRNA gene sequence of the strain NS21 was previously determined (Imai et al., 2011 ) (GenBank accession no. AB609313).
The gyrB sequences of the strain NS21, Rhizobacter dauci H6 T , Rhizobacter fulvus Gsoil 322 T , Rivibacter subsaxonicus BF49
T and Piscinibacter aquaticus NBRC 102349 T were amplified from genomic DNA. The forward and reverse primers used were DgyrB_F (5 -GCSCT GACSGARYTRCAYGC-3 ) and DgyrB_R (5 -SGGGTT CTCSAGCARSYAGTC-3 ), respectively. These primers were designed based on the conserved sequences indicated by the sequence alignment of gyrB genes from the following species: Methylibium petroleiphilum 
Results and Discussion

Phenotypic characteristics
The strain NS21 formed whitish colonies and clearing zones surrounding their colonies on a Wx agar medium containing 0.4% DPNR after 3 days of incubation at 30 C. The NS21 cells were Gram-negative, motile by means of a single polar flagellum and straight rods, 0.6 0.7 µm in width and 1.2 1.5 µm in length (Fig. 1) . Although its morphological characteristics were similar to those of the related genera, its phenotypic characteristics were different (Table 1) . Colonies of the strain NS21 were approximately 2 3 mm in width, yellowish and smooth on the R2A agar medium after 2 days of incubation. The strain NS21 grew at 10 35 C and pH 6 9 and was positive for oxidase and β-galactosidase activities. Esculin and Tween 80 were degraded, but gelatin was not degraded. The strain NS21 was aerobic with respiratory metabolism of glucose. H 2 S, indole and acetoin were not produced. Utilization of carbon sources is summarized in the species description. Phenotypic characteristics of the strain NS21 exhibited significant differences from species of closely related genera.
Phylogenetic analysis
Analysis of the 16S rRNA gene sequence of the strain NS21 resulted in its clustering with the genera Rhizobacter, Methylibium and Rivibacter within the class Betaproteobacteria (Fig. 2) . The similarities of the 16S rRNA gene sequence of NS21 to R. dauci H6 T and R. fulvus Gsoil 322 T were 99.2% and 98.7%, respectively. Although comparative 16S rRNA gene sequence analysis indicated that the strain NS21 is closely related to the genus Rhizobacter, it could not determine with confidence whether the strain NS21 represents a species of the genus Rhizobacter.
The partial sequences of the housekeeping gene, gyrB, which encodes a gyrase β-subunit, were determined and compared. The gyrB gene sequences of the strain NS21 and the related strains, Rhizobacter dauci H6 T , Rhizobacter fulvus Gsoil 322 T , Rivibacter subsaxonicus BF49 T and Piscinibacter aquaticus NBRC 102349 T , were amplified by PCR and determined. The results indicated that the strain NS21 should be categorized into the same phylogenetic branch as the Rhizobacter species, with a high bootstrap value (1,000 replications) (Fig. 3) .
Chemotaxonomic characteristics
The G+C content of the genomic DNA of the strain NS21 was 70.8 mol% and was similar to those of the related genera, as shown in Table 1 . The DNA-DNA hybridization experiments indicated that the DNA relatedness values of NS21 to R. dauci H6 T and R. fulvus Gsoil 322 T are 21 24% and 9 13%, respectively. These low levels of DNA similarity strongly suggest that the strain NS21 represents an independent species. The major fatty acids in the strain NS21 were C 16:0 , C 17:0 cyclo, C 18:1 ω7c and C 16:1 ω7c and/or iso-C 15:0 2-OH, which represented more than 10% of the total fatty acids (Table 2 ). In the Microbial Identification System gas chromatography it is difficult to separate C 16:1 ω7c and/or iso-C 15:0 2-OH, which comprised summed feature 3. The dominant fatty acid components of the strain NS21 are similar to those of R. fulvus Gsoil 322 T . The major fatty acids of R. dauci H6 T were C 16:0 and C 16:1 ω7c and/or iso-C 15:0 2-OH. They clearly differed from NS21 because C 17:0 cyclo is absent. Moreover, C 12:0 2-OH was present in NS21 as well as in M. petroleiphilum PM1 T , but it was absent from R. fulvus Gsoil 322 T and R. dauci H6 T . Ubiqui- none Q-8 was a major respiratory quinone in the strain NS21 as well as in the closely related genera. The description of the genus Rhizobacter is as given by Goto and Kuwata (1988) and then emended by Stackebrandt et al. (2009) . The type species is Rhizobacter dauci (Goto and Kuwata, 1988) . The description of the genus Rhizobacter is emended in this study as follows. The major fatty acids are C 16:0 and C 16:1 ω7c and/or iso-C 15:0 2-OH. The presence of C 12:0 2-OH, C 17:0 cyclo and C 18:0 are variable.
Description of Rhizobacter gummiphilus sp. nov.
Rhizobacter gummiphilus (gum.mi.phi lus. L. fem. n. gummi rubber; Gr. adj. philos loving; N.L. masc. adj. gummiphilus preferring rubber) Stackebrandt et al. (2009) . b Characteristics data were cited from Nakatsu et al. (2006) . c Cells were grown on R2A agar medium.
Cells are facultatively anaerobic, Gram-negative straight rods and 0.6 0.7 µm in width and 1.2 1.5 µm in length. Motile by means of a single polar flagellum. Colonies are yellowish and smooth on an R2A agar plate. Growth occurs at 10 35 C and pH 6 9, and optimal growth is observed at 15 30 C and pH 7 8. Oxidase, catalase, lipase (Tween 80) and β-galactosidase activities are positive, but urease and lecithinase activities are negative. Casein and esculin are degraded, but gelatin and starch are not. Aerobic with respiratory metabolism of glucose. H 2 S, indole and acetoin are not produced. Nitrate is reduced. Methanol and ethanol are not utilized. According to the results of Biolog GN2 tests, the following substrates are utilized: dextrin, glycogen, D-cellobiose, D-fructose, gentibiose, α-D-glucose, maltose, D-mannitol, D-mannose, pyruvic acid methyl ester, succinic acid mono-methyl-ester, Dgluconic acid, β-hydroxybutyric acid, DL-lactic acid, quinic acid, sebacic acid and L-glutamic acid. Natural rubber is degraded. The dominant cellular fatty acids are C 16:0 , C 17:0 cyclo, C 18:1 ω7c and C 16:1 ω7c and/or iso-C 15:0 2-OH, and C 12:0 2-OH is present. The DNA G+C content is 70.8%. The major quinone type is Q-8.
The type strain is NS21 T (NBRC 109400 T , BCC a Fatty acids data of the related species were cited from Stackebrandt et al. (2009) . b C 16:1 ω7c and/or iso-C 15:0 2-OH. Fig. 2 . Neighbor-joining tree based on 16S rRNA gene sequences of the strain NS21 and the closest phylogenetic neighbors.
All sequences are labeled by species, strain number and GenBank accession number in parenthesis. Escherichia coli K-12 (E05133) was used as an out-group. Bar, 0.02 substitutions per nucleotide position. Bootstrap values obtained after 1,000 replicates are given at the nodes.
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T ), which was isolated from a soil sample of a botanical garden in Niigata, Japan.
